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We calculate cross sections for the neutral current induced neutrino/antineutrino reaction from 
^"^Pb target and applied it to study Supernova neutrino event rates. The calculations are done in 
local density approximation taking into account Pauli blocking, Fermi motion effects and renormal- 
^— ■>) , ization of weak transition strengths in the nuclear medium. The numerical results for the neutrino 

' nucleus total cross sections have been averaged over the various Supernova neutrino/antineutrino 

fluxes available in literature. 
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I. INTRODUCTION 



In the late phase of stellar evolution the gravitational collapse of the core of a massive star takes place in which a 
huge amount of energy is released over a period of few tens of seconds. The energy carriers are mainly neutrinos and 
^ ' thus called supernova neutrinos. This constitutes almost equal proportion of all the flavor of neutrinos. The average 
^ ] energy for j/g: = 12 MeV, Ve:{Ev^) = 15 MeV and for all other flavors fp,i^r, i^, Vt'- (E)— 25 MeV. It is expected 

■ that these neutrinos may provide valuable information about the stellar core, its equation of state and the dynamics 
of core collapse and supernova explosion mechanism. These neutrino burst from a galactic supernova can be detected 
in terrestrial detectors. There are presently various detectors like Super-K, MiniBooNE, IceCube which are capable 
> • of detecting supernova neutrinos. The various detectors[l| like HALO, Icarus, LBNE LAr, LBNE WC, MEMPHYS, 
' Hyper-K, LENA, GLACIER are planned in future which will also be sensitive to supernova neutrino detection. Most 
of these detectors are using nuclear targets like ^^O, '^^Ar and ^^^Ph. In this paper we have calculated event rates for 
\ neutral current neutrino induced process 

od ■ vi{k) + N{p) -J> vi{k') + N{p')\ N = proton or neutron (1) 

o ■ 

. for the reaction taking place in the ^"*P6 target. These events are presented for IkT of target material. When the 
\ [ ' above process takes place inside the nucleus various nuclear medium effects comes into play. We have calculated the 
J> . cross section in the Fermi gas model using the local density approximation and took into account Pauli blocking, 
Fermi motion, renormalization of the weak transition strength in the nuclear medium Q . The effects of Fermi motion 
^ . and Pauli blocking are taking into account through the imaginary part of the Lindhard function for the particle 
• hole excitations in the nuclear medium. The renormalization of the weak transition strengths are calculated in the 
" ■ ' random phase approximation(RPA) through the interaction of the p-h excitations as they propagate in the nuclear 
medium using a nucleon-nucleon potential described by pion and rho exchanges. The expression of total scattering 
cross section in the local density approximation inside the nucleus is given by 

(t{E,) = -2Gi.' / """^ r'^dr [ """^ k'dk' ^^^^ dQ^-J—L^,J''''ImUNicio,q) (2) 

Jr,r,,„ Jk',^,,, JqI^,„ ^t^El 

Here q = k — k' . L^^ is the leptonic tensor = X] -^/j-^i-^ where the leptonic current = u{k')^^{l — 'y^)u{k). J^^^ 
is the hadronic tensor = J^"^ where is the hadronic current given by 

J' = u{p')[(l, - ^) + -l-a,^q^Fi^+j,j,F^ + ^^,F^]u{p) (3) 

where F-^2^ Fa ^^'^ Fp are the vector, axial and pseudoscalar form factors, respectively. These form factors are 
in turn defined in terms of the standard Dirac and Pauli form factors of the nucleon Ff'" and i^l*'" and a strange 
component Ff ^ , in the following way 

Ha - - 1s^r?e^)Fl2 - \f12 - \f12, F^, = (1 - 2s^n^ew)Fl, - ^Fl, - ^Fl, 



where 9w as the weak mixing angle. 
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TABLE I: Number of events for IkT of lead target 



For simplicity we have taken i^i2(0)=0 in our calculation. Axial form factors FjJ'" are given by 

where MA(=l.lGeV) is axial dipole mass, As denotes the strange contribution to the nucleon spin taken as As = 
-0.15. The expression for the 2, F\2^ and Fp are taken from the Ref.[2]. The consideration of renormalization 
of weak transition strengths in the nuclear medium leads to modified hadronic tensor Jj^p^, the expression for which 
is given in Ref. [1]. 



II. RESULTS & DISCUSSIONS 



In Fig.l, we have presented the results for the scattering cross section cr as a function of neutrino and antineutrino 
energies, for the free case as well as in ^°*P6 target obtained using the local density approximation(LDA) with and 
without the Random Phase Approximation(RPA) correlations. We find that the inclusion of Pauli blocking & Fermi 
motion effects reduces the cross section from the free case which is around 90% at = 10-20 MeV, 82% at Y,y = 50 
MeV & 65% at E^ = 100 MeV. The cross section further reduces by about 60-65% in the energy range 10-100 MeV 
when RPA effects are taken into account. The reduction in the case of antineutrino is a bit larger. The event rates 
are calculated using the numerical value for the flux averaged cross section 




where u{E) is the cross section shown in Fig.l, is the supernova neutrino flux taken from Refs.jJ-Q- For the 1 

kT target and time taken to be 1 second, the event rates are obtained and have been shown in Table 1. We find that 
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with the inclusion of RPA correlations the event rate reduces by about 65%. Besides the nuclear medium effects the 
unccrtainity in event rates is also due to the flux given by various groups. The use of different fluxes0-ll| effect the 
event rates a lot. 
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